In order to insure the stability of power grid, 24kV multi-layer porcelain insulator PD monitoring system is studied in this paper, With the help of pulse current method detection method, the PD propagation characteristics can be precisely located by the power spectrum density(PSD) .In order to have a good comparison, the PD experiments on 24kV multi-layer porcelain insulator are in the implementation under drying conditions . And the comprehensive fault decision based on PSD algorithm is studied in this paper. With the different layer PD faults, the causes and faults can be easily located by PSD algorithm is introduced in this paper. At last the simulation results show that the proposed method can improve the accuracy and the real time performance of fault diagnosis in 24kV multi-layer porcelain insulators.
INTRODUCTION
According to power system statistics report, more than 37% blackouts on power distribution system is caused by insulation failure [1] . Insulation fault in multi-layer porcelain insulators is a potential threat to flight safety of the 24kV power grid stable operation [2] [3] [4] . There is no doubt that multi-layer porcelain insulators play important roles in power transmission. Auto-recognition to discharge types in online PD monitoring system could be used to find out internal partial defects and the relevant discharge development degree in time, and then prevents equipment from the coming faults. In general, electromagnetic radiation, high frequency pulse, dielectric loss voice ,lighting and heating emitting can be monitored with the profile of PD in power equipments. And there are several PD propagation characteristics method discussed in the references [5] [6] [7] . Electric methods and nonelectric methods are to diagnose and correct problem situations for large power transformer. Such as pulse current method (PCM), dielectric loss method (DLM) and electromagnetic radiation method(ERM) have been studied in the past decade. According the IEC standards, PCM is the recommended detection method on PD propagation characteristics.
PD Models and Experimental Devices
According to the internal insulation PD in porcelain insulators and the PD propagation characteristics, there are three PD models are designed in this paper, which are shown in 
Power Spectrum Density Analysis
PSD analysis is the method which indicate the relation between the power change and the frequency variation. The most part of the PSD is the calculation of spectral density function. With the help of PAD analysis, statistical operator, pulse waveform characteristics, and fractal characteristics in 2 dimensions or 3 dimensions can be considered. As can be shown in Equation 1, the frequency of PD and the maximum PD value can be calculated by the different windows spectral density functions (such as Boxcar data sampling, Hamming data sampling and Blackman data sampling etc.) [8, 9] .
EXPERIMENTAL PROCEDURE

PD Experimental Requirements
In order to have a good contrast effect, starting discharge voltage VS. extinction voltage mode are studied in this experiment. With the study of surface discharge in 24kV multilayer porcelain insulators the source voltage is gradually increased by 1kV, 2kV and 3kV separately . When the surface of 24kV multi-layer porcelain insulators are under the drying condition, the surface discharge experiments are implemented with different layers form 1 to 7.Moreover the starting discharge voltage VS extinction voltage mode are shown in Table 1 .
With the study of surface discharge in 24kV 7-layer porcelain insulators the source voltage is gradually increased from 52 to 57.8 kV by 0.48kV step. In this way, we can get 12 PRPD patterns (from t=0.1to 1.2s, with time interval of 0.1s) in Fig. (3) . In order to have a quick and accurate calculation on power spectrum density, the 3-D colourful 12 PRPD patterns are converted to the 2-D grey PD images, as can be show in Fig. (4) . With the help of Matlab 7.0, the 24kV Multi-layer Porcelain Insulators PSD values in different PRPD grey-patterns of PD can be obtained, which are shown in Fig. (5) .
With consideration of random disturbance and statistical characteristics in different PRPD grey-patterns of PD, the experimental results should be considered in one cycle. Furthermore, the PRPD grey-patterns of PD are also varied with different electromagnetic environments. Compared with Fig.  (3) and Fig. (4) , we know that the big fluctuation on PRPD patterns may be not the characteristic value for different operation conditions [10, 11] .
PD Data's-analysis with PSD Method
In this way, some classification methods should be considered, such as SVM, fuzzy clustering method and some ANN methods. In this paper, PSD method are proposed in PD data's-analysis.
With help of MATLAB 7.0 and PSD tool, the PRPD grey-patterns of PD are converted in Fig. (5) . As can be seen from the Fig. (5) , the PSD mean value and variance value of 24kV 7-layer Porcelain Insulators are shown in Table 2 . When the variance value is more large, the PSD mean value Fig. (1) . PD models of artificial defects. Fig. (3) . 24kV Multi-layer Porcelain Insulators PRPD patterns of PD (from left to right and from up to bottom, the 0.1s to 1.2s PRPD patterns under drying condition and layer number =7, the same to Fig. 4 and Fig. 5) . Fig. (4) . 24kV Multi-layer Porcelain Insulators PRPD grey-patterns of PD. is more fluctuant .And the results have more typical resolution on patterns of PD, except the special changes on the first data and the fourth data (which shown with yellow colour background) .
As can be concluded the Table 2 and according to equation 2, the mean PRPD grey-pattern value can be obtained. (M stands for typical value of PSD)
where K1 and K4 is singular value for the calculation of PSD values. Then the PSD values-U hysteretic curve of 7 and 6 layers porcelain insulators PRPD patterns can be shown in Fig. (6) .
As can be seen form the Fig. (6) , PSD values-U hysteretic curve of different layer porcelain insulators PRPD patterns have different PSD values. in this way we can locate the position and the value of PD faults. The data details are show in Table 3 .
CONCLUSION
In this paper, the comprehensive fault decision based on PSD algorithm is studied. Furthermore, the PD experiments on 24kV multi-layer porcelain insulator are in the implementation under drying conditions and the PSD values are obtained by image recognition. With the help of Matlab 7, he simulation results show that the proposed method can improve the accuracy and the real time performance of fault diagnosis in 24kV multi-layer porcelain insulators.
